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INTRODUCTION

Of all the phases that a balance goes through in making it ready
for tunnel testing use, the laboratory calibration and evaluation pro-
cedure is probably the most impertant. It is only through a complete
and accurate calibration-evaluation process that the final performance
and accuracy of a balance can be determined. At the same time the
calibration-evaluation provides the design engineer with an invaluable
source of information for assessing overall balance design

characteristics,.

In principle, the LRC calibration approach is based on the assump-
tion that all possible first and second order interactions exist on a
given balance until proven otherwise, In all, there are 26 first and
second order interactions, plus one sensitivity constant, per component
on & six-component balance which must be evaluated. These terms are

listed as follows:

N NZ
A NA A?
m Nm Am m?
yA N2 AL YA £2
n Nn An mn n n?
Y NY AY mY £y nY 2
The symbols used are: |
N = normal force L= rolliing moment
A = axial force n = yawing moment ‘ .
m = pitching moment Y = gide force “

In addition to the terms tabulated above, the calibration results will
actually indicate all third order interactions except triple product
terms such as N x A xm, Nx.£xum, etc. However, if these terms did
exist they would be indicated in the final multicomponent proof loading,

Briefly, the necessity for seeking all possible interactions is
based on the following:

1. Most balances at LRC are designed to meet specific test
requirements. Consequently, there is a wide variation in balance
configurations in which characteristics can vary considerably.

In order to fully assess balance performance it is mandatory that



each balaznce be completely evaluated, This 1s particularly true
on high load to size ratio balances where high local stresses and
deflections can cause sizeable interaction terms.

2. Performing a complete calibration on each balance permits
its general and unrestricted use for any combination of loads
within the calibration range.

. 3. Data gathered over the years substantiates the existence
and frequency of occurrence of all interaction terms. This data,
which was compiled for three basic balance configurations, is pre-
sented on pages y2, /3 and /4, The number of times a given inter-
action occurred on the balances considered is indicated by the
"density" of the plotted points.

As stated previously, both first and second order interactiong must
be considered in balance evaluation. The first order terms result from
such things as machining errors, gage location, and variations in gage
factor. The second order terms are attributed to deflections - except
the linear normal and pitch terms on axial force which are also caused
by deflection, An example of a second order interaction caused by
deflection is the (N x A) term which commonly occurs on the axial force
component. The figure below illustrates the deflection of a Slmple
axial measuring section under applied axial load.

J{N

Ao

DI ™ T
-~ -

If normal force is now applied to the section it is obvious that
the axial beams,which behave like eccentric columns, will deflect an
additional amount as indicated by the dotted lines, This added deflec-
tion will result in an additional electrical signal which 1is proportional
to the (N x A) prpduct. The (m x A) interaction can be explained in a

similar manner.
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In many cases it is possible to minimize or even eliminate some of
the linear interactions, This can be accomplished by:

1. Carefully matching gages
2., Precise machining
3. Electrically "bleeding' out interactions

Second order terms can be minimized by designing for low deflections,
However, the fact remains that a balance must deflect under load;
therefore, some second order interactions will certainly exist, The
balance shown on page /5 illustrates a case where test requirements
dictated an unusual balance configuration. This type of balance,
because of its length and separation of measuring elements, would
certainly have sizeable second order interaction terms.

CALIBRATION PROCEDURE

On a six-component balance each bridge indicator reading, as 2z
consequence of interactions, is a function of all six load components,
The output of the normal force component, for example, can be expressed

a8 a polynomial of the form:

2 2 2 2
BR = RNN + szn + kAA + kAZA + kNANA + kmm + kmzm + kRmNm P kYzY

There will be six equations of this type, one for each component,
where N, A, m, etc. are the applied loads, kﬂ, k o» &tc. are the
N

interaction coefficients, and the @y 1is the meter reading.

The equation as shown above is not particularly convenient for
wind-tunnel use, HNoting that l/kR is the normal force sensitivity

constant it is possible to '"normalize' the equation by multiplying both
sides by this factor anmd putting in the form:

2 2 2
KNGN = N + KNZN + KAA + KAZA + KNANA +-Kmm + szm . .ot

Kyglm « . . + K o¥2

In this expression (Ky) is the normal force semsitivity constant, N
is the normal force meter reading and KNQ, Ky, etc. are the "normalized"”
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interaction coefficients. In this form the coefficients are independent
of the readout system used.

The equation can now be put in a more convenient form by rearranging
and solving for (N).

- . 2 A 2 }
N = KyOy {KNZN KA L L KoY
N = K8y - { z (interactions)}

In general there will be six such equations, one for each component,
The purpose of the calibration-evaluation procedure is to determine

these expressions,

In outlining the LRC calibration procedure the following points
will be considered: calibration equipment, loading system for evaluating
specific interactions, data plotting, interaction equation derivation,
procf loading, and data reduction.

Calibration Equipment and Setup

The figure on page /¢ illustrates a typical calibration fixture and
"long arm" arrangement used in calibrating internal sting-supported
balances. The fixture is an accurately machined box, fitted to the
‘balance exactly as the model would be, with precisely located V-shaped
grooves 1in which the loads are applied during calibration. Loads are
applied using suitable weight hangers which are fitted with the double
knife edge arrangement illustrated on page /6 . The use of double knife
edges permits accurate load location and also eliminates transmission
of unwanted moments to the fixture., The long arms, which are accurately
located on the fixture, provide a means for loading the moments on the
balance. By transferring a small weight from the moment center location
to the ends of these arms, it is possible to apply virtually pure
moments, During calibration the balance i{s sting-mounted in a rig (see
pages /7 and /8 ) which has provision for releveling in the roll and pitch

planes,

Loading, Plotting and Interaction Evaluation

The loading procedure used at LRC is designed to systematically
evaluate the interaction terms indicated on page Z . The loads applied
to the balance during calibration are defined as primary or secondary.
Primary loads are applied one at a time, in increments, and are intended



-5 .

to load one component at a time. Secondary loads, which are held constant
during calibration, are applied in conjunction with primary loads. The
weights used in calibration are cast iron or brass discs which are fre-
quently checked to insure (.l percent accuracy. In applying loads normal
to the gravity axis the knife edge bellcrank illustrated on page ;s 1is
used, These units ecliminate the friction problems normally encountered

in "V" groove pulley systems, Precision levels are used for repositioning
the balance throughout the loading procedure, The loading sequence
includes application and removal of loads in three to five increments,
releveling at each step, and recording the output meter readings.

To illustrate the manner in which balance interactions are obtained,
a number of specific examples will be considered in detail. The graphs
on pages 22, 2t and 2% {llustrate the manner in which the normal force
output data, on a six-component balance, is plotted. Similar plots are
made for the remaining five components. Page 23 is a typical work sheet
used iln calculating the "normalized” interaction coefficients.

Determination of the Ky and KNZ Terms

Normal force, both positive and negative, is applied in
increments at the balance moment center, (The moment center
is fixed during desiegn and serves as a reference point on the
balance about which moments are measured.}) During this loading
sequence the balance is releveled at each load increment and
all meter readings recorded and plotted. The top plet on
page 2o shows the output of the normal force compounent as a
function of applied load, Visual inspection of the curve pro-
vides a quick check on the performance of the balance as a
function of applied load. Hysteresis, zero shift, and scatter
can be detected with relative ease. The determination of the
count value of the interaction can also be found simply by
inspection., The count valuesof the first and second order terms
are obtained directly from the end point of the curve as follows:

oy = (1060) ; (-1040) _ +1050 counts

This is the sensitivity (in counts) of the normal component

- 1060y + (-1040)

BNZ 3 = +10 counts

*
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These figures are entered on the worksheet shown on page 23
Subsequent routine calculations, indicated at the top of each
column, result in interactions in normalized form.

Determination of Km and sz Terms

A small normal force, usually 10 percent of full normal
force, is applied at the balance moment center and the readout
indicators reset to zero. This load is now transferred in
increments to and from the end of the forward (+x) arm and
then the aft arm (-x position). The balance-fixture assembly
is turned over and the above procedure is repeated with the
opposite sign of normal force, The results of the four
loadings are plotted (in red) versus pitching moment as indi-
cated on the center plot of page 2o. The first and second
order terms can, in this case, also be obtained directly from
the end points.

K, = (+21)2- -9 . +15 counts

+2 -
Ky = ( 1)2+ (-9

= +6 counts

These figures are entered on the worksheet (page23) and through
subsequent calculation reduced to normalized interaction form.

Determination of the Ky, Term

Full normal force is applied at the moment center and the
meters reset to zero. Ten percent of this load is transferred,
in increments, to tle forward arm and aft arms and the data
recorded. The balance is turned over and the loading repeated
with the opposite sign of normal force. The resulting data is
shown on the center plot (blue points) of page 2©o. A direct
comparison between the blue and red pecints (pure pitch) will
yield a count value which 1s directly proportional to the
(N x m) product. In order that this be a "perfect" interaction
the deviation of the blue points relative to the red should be
the same at each load point, The sign of the interaction is
found by considering the signs of the applied loads at a given
point, and the relative position of the point with respect to
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the red "base' point. For the blue triangle on the right of

the plot there exist:

{a)} Positive pitch
{(b) Positive normal force
(c) Direction of deflection relative to red point -

positive
which yields [(+){(+)(+) = +], therefore a positive interaction.

- Por this case the (N x m) interaction {s

Kﬁm = +5 counts

Determination of the (m x,f) Interaction

The procedure here is similar to the one used for the
(KRm) determination except that relling moment is now the

auxiliary load. The roll auxiliary load is generated by
placing approximately 10 percent of rated normal force at

the ends of the roll arms and rezeroing the meters. Pitch is
applied in the conventional manner, The balance is then
turned over and the procedure repeated with the opposite sign
of normal force. The results of this loading are plotted
versus pitching moment and are indicated by the purple and
green points on the middle plot of page @o. The value of the
(ng) term is obtained by inspection by comparing the spread

relative to the red base points, The count value is found to

be:

sz = +]10 counts

Determination of the Kz, glz and Kyg Terms

The procedure is similar to the method used for finding
the K, sz and Ky, terms, The resulting plots of these

loadings are shown on page 20. The interactions derived from

these curves are:

Kﬁ = .13 counts

S K£2

KN!.' +8 counts

=90
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Determination of the Kna Term

Full positive axial force is applied to the balance (over
a“pulley) and the meters rezeroed. Both positive and negative
normal forces are loaded in increments and the data recorded.
The resulting data (on normal force) is shown plotted (yellow
points) on page 2/. The (Kyp) term is obtained by comparing

this curve directly with the pure normal force loading shown
at the top of page 20. The magnitude and sign of the inter-
action is

Kng = +5 counts

The sign of the interaction here is again determined from the
signs of the loads acting and direction which the yellow point
moved relative to the "base' point. In this case (considering
the right side of the curve):

{+ Normai)(+ Axial)(+ Direction) = Positive interaction

Determination of the KNY Term

Positive side force is applied (over a"pullef} to the
balance, the meters zeroed out, positive and negative normal
force applied in increments, and the data recorded and plotted
(blue points) as indicated on the top plot of page®/ . Applying
the same procedure used in the Kya determination the inter-

action is found to be .

Kyg ™ -7 counts

Determination of the Ky, Term

Full yawing moment is applied by moving side force (applied
over a'pulley) 2.5 inches off the moment center. The meters are
rezeroed and positive and negative normal force applied as before.
The resulting data is plotted (green points) at the top of page 2/ .
Since full side force is also present during this loading it is
necessary to compare back to the normalxside loading rather than
the pure normal loadings to determine the interaction. In this
case the interaction 15 found to be

KNn ™ -3 counts



The remaining interactions can be derived using the exact methods
outlined in the above examples., These interactions have been evaluated
and are tabulated on the worksheet on page 23 . The loading schedule
used at LRC for balance evaluation is outlined on page T +.

Proof Loading

The final step in the evaluation procedure consists of proof loading
the balance to verify the accuracy of the derived interactions. The
procf loading consists of approximately 100 different combinations of
full and half loads which are applied to the balance in predetermined
manner. Using the derived interaction equations, the forces and moments
are ‘then calculated and compared with the applied proof loads, If errcrs
are detected their cause can quickly be pinpointed and corrective measures
taken to eliminate them. In any event it is the final proof loading that
determines final balance accuracy. After the balance interactions have
been verified they are published in the standard form shown on pages 25

and 26 .
Data Reduction
Conversion of raw wind-tunnel data into the forces and moments

acting on the model involves solution of the interaction egquations using
an iteration process. As indicated previously, the interaction equation

for a six-component balance can be written:

N = K8y - © (interactions on normal)

A = K,8, - T (interactions on axial)

- » .

Y = Kyfy - I (interactions on side)

From the raw tunnel data it is first necessary to compute the
"uncorrected" forces and moments. These are:
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N) = KOy

These values are now substituted intc the interaction equations to
give

N, = N; - z (interactions)l

AZ-AI.

i

= (interactions),

i
N
n
I
Pt
]

Z (interactions) 1

The quantities NZ’ A2 .« e YZ are the partially corrected forces and

-

moments.

Substituting these "more correct' values back into the general
relations yields:

Ny =N, - p> (interactions)z

]
]
g
1

pH (interactions)2
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The nth valuesof the corrected forces and moment are

N, =N - Z (im:eractions)n,l

]
.
e
[
1

b (interactions)n_1

In general the procedure is continued until the difference between
the successive iterations fall within a given or specified limit. When
interactions are small two or three cycles will yield accurate results.
However, when large interactions exist as many as eight iterations may

be required,

JFGuarino.mle
3/31/64



)2 -

[

P e ey
P { :
b
S

[P —

“NMOMS

\ -y w Ve "~ wy v wy Ay uN N Aty AN VN ™ o M LS N N L
-
d.JJ“uJJJ..MAAIEiiJJ
. ' [ e ) . v ! ; 1 . :
‘ . “ . - N . .
. i * K “ * . 1 H .
L] . -
. . ' - - N \m N u
+ . " -
. ; Ty
.
! . i )
t * . .
i i ; 4 1 H
. i T
. Py e, .
o B C ;
+ . % " + 1 + t ' + + ! ¥
‘ : . : : ! ) i
O o} W I S S ..
) . i : ' :
' r £l B A i N w * i
PR S . H i .
o W “ b i ; M I o
) ! ! : i ! 1 .
S . %;“4:..w;\ _ - - | o -
r } i ; ‘ .
oo v i . - S S S T Lo
H i _ i i b m. i
. N + . m . *; —_ —_ e Rpu—— S SR R O -3
. . H ) i H ! ;
4 - 3 v - ." . e - - - - | _
[ R T i ) i
. . : i ;
. 1 : : v
TS RS R oy O U AU RS S S S U S . _ i
SRR E e A
] I
. PR ﬂ g e SN SN S L R I......,
b m | ﬂ '
SR S S S S S S S W
S T T *
D W + _ b
i S R
; . | 1
to.hqu.;w:zou TEHINGD 3wy - e B
40 SIINYIYE Q1 BG4 03 VGR0OD Sym viva

SWH3IL NOILOVHILNI

uus; ™y

-

b H

HEN L [ A ]

SIONYIVE LNINOJVIOD XIS NI
ONNO4 SWH3L NOILOVHILNI 40 NOLVINGYL

(0

- G

0c

-« pZ

82

FAY

. i
[

N304 3d

'
-

LNINCHWOD ANV NO NOLLDVHILN



EL

-/

S .

SWH3L NOLLOVYILNI -

1wy W frm Rt uy v uny W LN uN AN owN v 1 w A v » " s
m - I R { L .m w__.w oA k \ ..ﬂ_ v ; ¥ ..m A .l . J : ...& o 1 w Ao
- I 4 m i . H e % L m M m . * X N - 2
- . PR R - SO o i - : . 2
. £ g Lo d B O B e e e B s S T SR [ S S
A . ; ' . r i T S 4
[ . H | S . SR S, B S S . . r..!w [T S. ]
] . I ! ; ~ 1 ; T . -
. : HPCS S N S S 2 S m Lot
. . ; L S b1 - . S :
m w 1 ; - w v u ° _‘s ] T e - 1 am.iw. + ) p
: m | | H . . '
. M - 4 : R e St S SR SO . S S S §oe -
[ : BN SR N S H .
P i S A
. i H . I '
. 4 w + N e - 5‘.».1:.‘11.11,.1!.[ - Ay e .w P
bt : A ;
0 . i i H B e s s -+ O S ! ‘
, R A S T TN U U
: . B
SRR . - SRR
A B . - s . -
,. i Co _
. Lo, SIS AV SR T -
! W ﬁ e
. . j . N o
; , L4 S AR A,
oo NN Lo
. N T
N NN A
- ! U S
. _ , . e
o o D L
_ B S e T
¢ o ! :
o . o
o ] TPt
O b ST e - P
, R e
$ - . + ..vs;»,.. R L SN SNV S N _ _ ! i
Lo B
| -1 -
} y i w,.i._ RS R S - _
EEREN T
| 1
m NMONE  NOLIYENOLINGD TYHINID 3ML — - et
b 40 SI0NYIVE 5 MO4 GINGMOD SYM Yivg _
i
e I _
T FET™, PR T ™ r..mlwnu Fmi
i e e - + T . ) S —
e e e e - et f S SN S S e .
LI T LT T T T T LT

SIONVIVE INIANOJINOD XIS NI ozy_oh_
SWH3IL NOILOVYIINI 40 NOILYINGVL

Awm U Teey wwaeny et e maa

ioaliahl,
o

ANINCGIWOD ANV NO NOILDWHILNI IN3DH3d




o/

SWH3IL  NOLLOVHILNI

w =‘> *mﬁcm_“ ,m E.L . E& EL_ _-:L s& mﬁ ,_& :& . i>£,<z LL;& 2 T .L‘

£
~

>~
Nq
~
=z

=
E

.. 3
b , .- . s s W S RN SR S .

i i 1 . SR
[

“
|
{

4 - e 4 R A T e TS S S, S SRV SRUUR S

T ¢ 7

P FE N Y |

|
i

E
i
i
;l&-ﬁ

- s
L T8 I

;
ir
w

i
i
|

b

.uu.\h»
P
R 5
x
PRI 11 1.
[

H i .
. _—_4.-._-7. s e e S
. : | i
: ! :
i
I
£
i
i
T
|
-

- “ et - : w
! .. d .. . | L)
RN L ol
A 3 Jji? ;Y
LIRS R - SA. 1 — ._
i I s -
“T.z MT B L + i i i «
t { | ! T ¥ .M
_;T._ﬁg_;,ﬁ..: e ! .
P 1 T .
R AR R e — X .
S - I ) .M
[ —_— ' - wi.?sr o ! i ! : n_
B Bl N
R S s et A | m
. ! [
L _ A — , } § 5
i M X : M K
i ! ve : J _ .
T w -
: 1 ! i 17 ) _ !
e [ R S -
: H b _
T Tt o2
o T EnENER

TV NMOHS KOILVHROIINDD  IWHINGD  FHL -4 1
L 40 SIONYIVE 61 BO4 UINANOD SYM VLIVO T D R I YA

f
e =T T *l[;.fr.ll kOSSO B i
: m m m ' { #w0i Ty N i
AR et RERRE
| y s . 1. B [ m
| —- 4 Ao y
{
-

s8]
o

ESERNENEENEN . | HEREERNNE

SIONVIVE LN3NO4WOD XIS NI stlou
SWY3L NOILOVYILNI 40 NOILYINGVL

ANINOJNQD ANV NO NOILLDVHILNI IN3IOH3Id



A ——_ ¢ A R bt

ShYVv 2 AQog
NOILVYEITYD TVOIdAL {x
j——
T
|
N S T G N -
> g |
A ” \\\\\ . A+
o AV | s
o Iy
p X
% Z n o '
S \
O%,V A - =< \\ > A+

- e e



. ] —
. 3 h PHANERLO ‘tf:.m 00”.4:”
145804 IQUaSy Huvay tag | ueae | N\ e
Lo
- VA REVE DDuas WiT ANTOH T -“UHHH.““”““"'”“"W * Wviaouy
Mwu E¢£sl“naﬂ..uw.n-¥mhn.hxﬁuﬂwu< TN v it P Gmriryesmrneior b .
=] H aIA5N Sy EPE P ————
* l@w nuv.: - .N.o - ‘ﬂt} A Ay *rvoe AW Ot WD LIN An HOMALM ALva
[EE VA N ’
Em.wmwu - . - .\mﬂ.ﬂc.;u.lw; vig ~w3uL I8, | O s
wl T A iay L9IGHON G w0 ,
] j RIS €96 01 ¥ay
SR My v T AN T - 3T _
. T 7 .nn‘O_- 4] u |— — h . . ;
CRRa ) dweiy: Fi . . )
s m S UIUAY ! Ti Ll f
SR A ._gm.vi“{...kuﬂ.vz‘uf.»nuﬁ 1#35UTR, OF R
T Ficine £ - 3.4 | g . -
It T Tiave iy THSARTA0T 4 wiBE5 | g « .
AN SUVIST B Ghb | L :
T T3hpe LN 1D . .
» { PYELTE .w..oni:w 3 . =
- \ -
1 - z F9945 Jioyep 835 | b 3 -
[T EECT NS T
m eI T ARG D Z :
-y -uuvu i €Lr\ :
L B 10 M NETEGTHSE a0 [ ON e .
¥ . + 2 -
" : ‘.
{ o - .
1 v . vty . .
“ T s - B
_ O TOEY . RIS . >
L 0 00 F WM (90bS 3daw da 3SAW wwwT a0 ) )
: ] tpva b RPVY 30 PUD Ay el S
; L . : 13 Lon
H -~ . .
w .. : T
| . R
I : e
! . v ¥ -
i : i .‘_ ’ H
1 B s . .-
] . ‘ o
: . . . . . :
~ . . } L Ny Meudeg
{ * - . .
i _ .
} ‘ .
- - L
; .
‘w -J ’
§oe, o T : .
= v ! § ' ,
m ' - Q- . ) ) . ” »I..w. : “ . ¥
W 13 v - i * R oo ’ ,.. : : b




—_—20 -

BALANCE NO. FaciaTy SYMUOLS

LOADING NORMAL FONCE : A X = ¢
INSTRUMENT NO. o0 OX =0

AUXILIARY LOAD NONE  ro. - O XS -
20 % NF«- "X FORPITCH .. L 0xmo Y ¢
£100 % NFlS 2T FOR AGLL] - OXs0, Yo =
. .. 100 % POSITIVE ROLL. s g0f- P i, cee e (D 41080
100 % REGATIVE ROLL e Lo . . . . -
- : . NORMAL ST T o )
C. e - . . . ... . FORCE 40! @ e i s . e

J TO READ , ADD 200 COUNTS PER S5OLB. LOAD :
H - . . ) . L 0 o B
i : . : . 20 ‘ . ) ‘
' - +HF, b,
: C =250 . -200 -I50 . -100 . =80 S50 100 . B0 200 280 -
‘ e mmmie { v m— e 5 m  ame whal el ecaasmend o - TR S VO S . R Ca
i i
g‘ R —1 - -
X
i
i

N - © - NORMAL '
[ R FORCE . 40

A 3
A +28
A B+ 21
=13 | X
L d [ Y SR

+m, . ik
+ Bri0

- ‘ .
oy
LA + b N
! : €0 ‘ : b% al 1§05
e I ¢ a9 -n
: ; ! : f PR e, ! ! ; B
S S S S S N B “20 SR . Rl
! i ! H : : - ; : . H : ! C
U ; ; i H ! . i I . <
s i ) [ ; : i | i :
; . : . : : ;
(e i i - L 4D - L - : -
! ] ' f 5 ; : ' +
i ! ' } 1 :
T i - ©
v I 1 .
1] - — - P - - - £ — - n



.....'Z/._

BALANCE NO. FACHITY | $YMBOLS
LOADING NORMAL FORCE 4 X =2 4
INSTHUMENRT NO. a0 [+ 3
AUXILIARY LOAD 100% POSITIVE AXIAL O X=
¢ 100% POSITIVE SIDE — Oxe,ve+
FGO™ POSITIVE  YAW [¢3F @ 4 X}  —wwiom O Xed , Y= - O % 1085
60 :
+ 1053
(0] * 930
NORMAL, -
FORCE 40 s
o]
TO READ,ADD 200 COUNTS PER 50 LB. LOAD o ‘ *
20 ’
- NF, tb, + NF, |b.
~250 =200 ~{50 =100 -éo 50 10 L 150 200 250
! P 0
....J.__.__g_ iasendos o s ' .‘_,_ - ' -20! . - _...5' ..ﬂ.»..i . e
‘ P ’ P H bt
~! e 10%0 PR ' e v 0 _.1‘ : . P P
- 1033 : s i : : i :
: > I P N I i !
. e Tk B &0 SRR
- (045 ) : | ; ; !
M H [ - - . -
N NORMAL
P ) , FORCE 90
C
Pl . -
i ! ; ; i OA + 23
. T 20 T oA A+
: 1 : i - A
1] 1 2
N ; r T % A wh -
' - T
~m, ink, : Al ﬂ 7 tm,in b,
, e BAl0° @A Mk - 1 2 3 4 sx1Q
s D4
‘_” m Ehﬁ
i - - 20
) :
- ; -t ' - - 60 -
l ! : . i
| e N
Ao o -..FORCE L4 -
e 4 £y i T
100
o wis
- 60




~22-

Faoury T symmous

BALANCE NO. ‘
| --LoaDING .  SIDE FORCE s s I N YL I
! INSTRUMENT NO. . a0 OX =0
i AUNILEARY LOAD NoNE | S . gxXe —
I : @ rx, FOH YAW) ' .
b . . % i0% SF 1@1:.?0& ROLLE — : Qx=0, Z=+

* i 1 .1 £100% SF CoL oxe0, Te-
i i = e 1OO% POSITIVE ROLL | oo 0| e =) rme e e o e e
T T T 7T 400 Y. NEGATIVE ROLL. =T P o '
ii""!" Ll Ll . .100% POSITIVE AKMAL .- R B ST LA
1 R o N : - :
; . e . . .- AD o Do Pee i R

i LI i : ' ' . . : : : :

{ . - " NORMAL T T
B : i FORCE | T .
T . i : Lo . ' 20 . S P

L

4 §F, th.

~150 -tgo - &0 . 50 100 150 200 230

[ H . . : ; .
..., - e - '-20 . N ._ _.,;,_ ,,.'..
T i : " ' i s
S Y .
S S oo ! :
L 1T NORMAL o ; :

Pl FORCE [ 4g Lo

By g, REA

© .77 NORMAL T
P . FORCE 40 - L o

¢ L 20

Y

‘ * a4 I8 .

=1 ,_sa.ul_u__..___é%.__--_—;— pr T = R 4 * 4
[ ]

i
]
[ — P4 !
| . 4 Op -1
i : . . _ . .
T Pl - -20 L -
o ' : & -te
L - Ve & W P B l -rama - - L
t . l 1 i . ta 1 ; ! o
B : t . i . : [ : . : [
; ! . ! | I 1 . L ~A40) o ; : :
R R S T S S : P :
: i ; : g t ' '
SR E | ‘
i V-
i ‘ ! :
[E—— e e e - . - . -
l H - 60 '
H .
AL S — " .- . - - PR .-
!
=. - . ! o e —n . —_ il



(8
(n
L0

J
-

02

YroneTRTe
e

Al

SENSITIVITY CONSTANT . z23a/

f/oount

O & € © ® © 7
KN CONT g o n s, ® (6)x(2)x 100
TERLS ; e VAL':]E @ x sen. 7
1‘;}0.‘._,..!. W_“C: @I 100 @ constant or
£ QR g TS k3
N Pgsx e, o5TT — I ————
A
™ Kalgle) - ST o Lo.05000 . 00 F/<2 e
1 Y R=l=) P - /. 3 - L iZoo - 02095 =2
n s e Q. 1 - . 20 Eneo - Lo T4 2
8 250 e /.8 T ndeee + o0 Qi:3‘2,4— L3
N™ e i.po0 1600 . OO0 TRiN [
NA &5 +. 000 Smoo + . o000 4151 2
jom) 0.5 b ODOC GAOD +.tocoo Sizd G &
NI o8 4. 000 2T o0 T 0080 TS e 5
n . G.3 A o A e — Oy T d e
M3 Q.7 - .onn 2o Tetfnoo BLéT 2.7
a4~ T
J ¥ (<n 500) -+ 2, 0.2 + . oAnm Ioan L o oooo Z28/ o2
Al (=n fanl - .= 4. 2 - ool Soon — . moes A £
An [ es)) -+ .2 [ 0.2 b OO Lo S aom e Zaa | oo Do
| AS (52725 0) ~ .2 + . 00O 3ame +.omon T3 o. =
< _f/:-’g,f,)f_,oc) [ - o & oo P e, oA s S o
wl (oot ran) | 70 1.0 W nOA Penn rorpan 47 /.~
mn (See N ooe) i — o 0. 6 - nnon 2400 ~ . rcoon 7L 0. 4
ms3 (55:9” 2503 ] &3 - A s 2 e YR R ate) .5";’[1"5- -~ L
1< |
in (065 700, | - fE Lo Y + 000 Znao 4 rnom TiL% il
13 \(/2n (2500 | — /3 - - o0 Een - . peo J22 3 ). Z
n VaensVenn) |~ 5 0.3 - . 0cen 1doo - .00occd 3333 . 3
nf | vor o 55y | & 72 I, + L oomn 9bon + o nrrs 584 _/
S ¥
S+ i/’-:':'f;’:,',’i'.f‘(‘-‘:‘i -/ o. / - L Gnmen s —-  rAc s AR ~

j

|

KASA-Langiey, 1651

D R ———




._-'21‘,{-»

TABLE I.- LOADIIG SCHLDDULE

Term rimary Sccondary Kumber of
belng load zdded load added Joading
cvaluaied (5 increoments) (constant) setups
A, A2 +A None i
5, §2 +s None 2
2 +5,
RPN in zm. L
N, N2 pel None 2
. @, o2 4 + N L
ble}
, 12 3 X
’ 10 b
mN < P 4
N %1 IN L4
ml +m i, i%i (2).r 8
w4 .
KA iN AT 2
mA #m A%, L L
_ a0
1A s +A¥%, 'i'i%- L
18 +1 +5 L
ns in TS5 L
g I
1 +n 1, = (2 8 .
n ) + i, i (2)
SA : is +A% 2
. , g%
10
. XS, N ¥5¥ 2
 mS @ +5%, X "
10
Na +N +5%, d4n* I
mn +m +85%, an¥, Tl 8
i0
27 total 83 total

*Loading atilizing a pulley.
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